Quantum computing -a brief introduction
Original idea: Feynman conjectured that a quantum computer may solve quantum problems faster than a classical computer (1981) .
• A quantum computer is composed of a number of qubits
The overall state at some time then • Finally some measurement is made at the end, in some basis 
8 qubit ion trap 12 qubit NMR Still a long way to go before useful quantum computation!! Haffner et al., Nature 438, 643 (2005) Negrevergne et al., PRL 96, 170501 (2006) Much interest towards "Quantum simulation" in quantum computing Why is quantum simulation interesting?
• Quantum simulation also known to have exponential speedup.
• Although Shor's algorithm is significant in terms of RSA cryptography -do we really need to factorize large numbers?
• Big unsolved problems in physics, e.g. high-Tc superconductors Simulating Hamiltonians on a quantum computer -"phase estimation"
• Let be an eigenstate of some operator A. Then
What is the eigenvalue ?
Phase estimation (continued)
• We now perform a inverse quantum Fourier transform.
1) Initialize qubits in a state of high overlap with states of interest. 2) Perform phase estimation of U(t) = exp [-iHt] 3) Obtain eigenvalue with probability • Use appropriate combination of gates to do each term.
Example:
• Previous work shows that fermionic and bosonic systems can be simulated using a similar strategy: ( )
Us act on the links of the lattice. The plaquette operator acts on a square. 
The operators are like translation operators ( ) ( )
The gauge field part of the Hamiltonian is:
Hilbert space of a single link: SU (2) U here is a 2x2 matrix. What happens when we multiply many U's together?
• From group theory we know Bra-kets hold Clebsch Gordan coefficients, and U's have the same parameters of the transformation. E.g. (1) LGT:
(1 register)
• Using a modification of the circuit, we obtain the transformation between gauge operators and spin operators 
